We have elucidated the distribution of I2 (HLA-DR) 
has been the subject of several recent studies. These experimental approaches are mainly divided into two categories (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . One involves the evaluation of mononuclear cells (MNC) isolated from gut mucosa (1, (3) (4) (5) (6) (7) (8) (9) (10) . The other approach involves an enumeration of MNC subset in situ in mucosal tissue sections (2, 3, (11) (12) (13) (14) . Some reports have suggested the presence of an immunoregulatory disturbance in IBD (4) (5) (6) 8) , while others have found no evidence of such a disturbance in IBD (1-3, 7, 9, 10) .
In order to further elucidate the mucosal immune status in IBD, it seems important to observe not only mucosal MNC function and phenotypic expression but also to examine mucosal immune activation as manifested by expression of class II major histocompatibility complex (MHC) antigens. HLA-DR (human leukocyte antigen, D-related locus) antigen, one of the class II MHC antigens, plays an essential role in the activation of the immune response in terms of antigen presentation (15, 16) . There are several light microscopic reports of HLA-DR antigen distribution in mucosal tissue sections (2, (11) (12) (13) (14) (17) (18) (19) (20) , while there are no electron microscopic studies in this regard. In the present study, using immunoperoxidase staining, we have examined HLA-DR antigen distribution in the intestinal and colonic mucosa of controls and of patients with IBD. Our data extend the earlier light microscopic observations (2, (11) (12) (13) (14) (17) (18) (19) (20) , and we report additional observations that may provide insights into the immune response in the intestine and in IBD.
MATERIALS AND METHODS
Source of Tissue. Specimens of intestinal tissue were obtained from surgical and endoscopic procedures performed for diagnostic and therapeutic purposes at the University of Michigan affiliated hospitals. The specimens used for control purposes were obtained from grossly and histologically normal margins of five small intestinal (two colon cancer, one diverticulitis, one pseudocyst of the pancreas, one ileal stricture due to testicular tumor metastasis) and five colonic specimens (three colon cancer, one colon polyp, one diverticulitis) obtained from patients without inflammatory bowel disease. The IBD specimens were obtained from five patients with Crohn's ileitis (all surgical resections) and five patients with ulcerative colitis (two surgical resections, three endoscopic procedures). All IBD specimens showed characteristic features of disease grossly and microscopically. None of the grossly normal margins of IBD specimens were used to define control values. All IBD specimens showed histologically active changes. The studies described were approved in advance by the Human Studies Committee at the respective hospitals.
Patient Treatment (within 6 weeks before tissue procurement). Of the five patients with Crohn's disease, two were receiving both corticosteroids and sulfasalazine (Azulfidine, Pharmacia, Inc.), two were receiving Flagyl alone, and one was receiving no treatment at the time the tissue specimens were obtained. Of the five patients with ulcerative colitis, one was receiving corticosteroids alone, two were receiving sulfasalazine alone, one was receiving both corticosteroids and sulfasalazine, and one was receiving no treatment at the time the tissue specimens were obtained.
Monoelonal Antibodies. The monoclonal antibody to HLA-DR antigen was obtained from Coulter Immunology (a division of Coulter Corporation, Hialeah, Florida). The specificity of this monoclonal antibody, called I2 monoclonal antibody, is as follows: 12 monoclonal antibody HIRATA ET AL reacts with an HLA-D/DR-related Ia-like antigen found on the cell surface membranes of normal B cells, monocytes, and activated T lymphocytes from all heterozygous individuals tested but does not react with some homozygous typing cells which express DR 7 or DR 11 (21) . The dilution found to be optimal for electron microscopic localization of 12 monoclonal antibody was 1 to 640. The above concentration was obtained by diluting the stock solution in 2% fetal calf serum (FCS) in 0.045 M phosphate-buffered saline (PBS), pH 7.2, with 0.002% merthiolate used as preservative. Staining controls consisted of staining of sections in the absence of primary antibody and staining of sections with irrelevant monoclonal antibody, namely anti-T4, helper T cell marker (1 to 20, Coulter clone), and anti-T8 antibody, suppressor/cytotoxic T cell marker (1 to 20, Coulter clone), instead of I2 antibody.
Immunoeleetron Microscopic Peroxidase Procedure. Tissue specimens were stained according to modifications of Cerf-Bensussan et al (11) . In brief, pieces of the tissue specimens (1 x 2 x 4 mm) were fixed in Nakane's fixative (22) containing 2% paraformaldehyde, 0.75 M lysine, and 0.01 M sodium periodate in 0.0375 M phosphate buffer, pH 7.4, for 15 min at 4 ~ C and were washed for 24 hr at 4 ~ C in 0.1 M phosphate buffer, pH 7.4, containing 0.1 M sucrose. Then the tissue was embedded in 5% agar (Difco, Detroit, Michigan) and sections 125-150 txm thick were cut with a Sorvall TC-2 tissue sectioner (Sorvall Inc., Norwalk, Connecticut). Sections from each biopsy were incubated with I2 monoclonal antibody, with irrelevant monoclonal antibody (anti-T4 and T8), and with PBS for 24 hr. This was followed by incubation with a 1 to 100 dilution (15 txg/ml) of biotinylated horse anti-mouse IgG (Vector Labs, Burlingame, California) in 2% FCS in PBS for 2 hr. The section was then incubated with avidin-horseradish peroxidase (HRP) (Vector Labs) at final concentration of 25 ~g/ml diluted in 2% FCS in PBS for 2 hr. All incubations were performed at room temperature in a microculture plate (3040 Microtest. II tissue culture plate, Falcon Plastics, Oxnard, California) on a rotary table in a moist chamber. Each incubation was followed by three 15-rain PBS, pH 7.2, washes.
After avidin-HRP incubation the section was fixed with 2% glutaraldehyde-0.1 M sucrose-0.004 M CaC12 in 0.075 M sodium cacodylate, pH 7.3, for 30 min at room temperature. Then the section was preincubated in 0.05% diaminobenzidine (Sigma Chemical Co., St. Louis, Missouri) in PBS, pH 7.2, for 30 min, followed by incubation in the same solution with 0.03% hydrogen peroxide for 30 min at room temperature. After washing in PBS overnight, the sections were postfixed in 1% osmium-l.5% potassium ferrocyanide in water for 1 hr at room temperature, dehydrated in graded ethanol solutions, and embedded in Epon using Beem plastic capsules (Ernest F. Fullam, Inc., Schenectady, New York). Then the section embedded in Epon was incubated at 60 ~ C, overnight or longer. Sections 1 ~xm thick and ultrathin sections were cut on a Porter-Blum ultramicrotome (Ivan Sorvall Inc., Norwalk, Connecticut). Sections (1 ~m thick) were stained with toluidine blue for light microscopic examination, and then the blocks were trimmed for ultrathin sections. Ultrathin sections were examined both unstained or stained with uranyl magnesium acetate and with lead citrate, and the sections were examined with an Hitachi (HU-11C-1) electron microscope.
Observations and Quantitative Analysis. All tissue sections were first observed and selectively photographed at various magnifications in order to determine the localization of I2 antigen in various cells. Sections were then scanned at low magnification (about x 2600), and all areas of the lamina propria containing lymphocytes, monocytes, and macrophages, whether stained or unstained with I2, were photographed. Four specimens from each of the four groups were examined quantitatively. Then all mononuclear cells were counted and recorded as stained or unstained with I2. The specific reaction of the monoclonal antibody with the I2 antigen was defined as the presence of a high-electron-density material on cell surface membranes. Intracellular I2 was not clearly detected. Most observations were made on sections that had been counterstained with heavy metals. Specificity of staining was repeatedly confirmed using unstained sections obtained immediately adjacent to the stained sections.
Statistical Analysis. The Student's t test was used for all calculations.
RESULTS

12
Antigen Localization: Control Observations. In the epithelial layer, epithelial cells weakly stained with I2 on apical and basolateral cell surface membrane were detected in 3/5 small intestinal specimens ( Figure 1 ). Epithelial surface membrane staining by I2 was not detected in the five colonic specimens (Table 1) . Three M cells were fortuitously observed in 2/5 small intestinal (ileal) specimens, and two of these expressed I2 on their apical surface membrane ( Figure 2 ) and weakly expressed I2 on their lateral surfaces. High-electron-density small vesicles were occasionally seen on the apical side of epithelial cell cytoplasm. These vesicles were observed not only in sections stained with I2 monoclonal antibody but also in control sections, ie, sections stained without primary antibody and in sections stained with irrelevant monoclonal antibody (anti-T4 and T8). Therefore, we could not be certain that these high-electron-density small vesicles contained 12. Neither I2-positive endocrine cells nor I2-positive Paneth cells were detected in control specimens. Of the intraepithelial lymphocytes (IEL) coincidentally detected in the scanning photographs, two of eight IEL detected in five colonic specimens were 12 positive and none of ten IEL detected in five small intestinal specimens were I2 positive (Table 1) .
In the lamina propria, the I2-positive mononuclear cells were predominantly macrophages which were characterized by the presence of an oval or slightly lobulated nucleus, little heterochromatin, very abundant cytoplasm, numerous mitochondria, many vesicles, ample rough endoplasmic reticulum, well-developed Golgi area, many lysosomes, surface ruffles, and some phagolysosomes (Figure 3 ). Other I2-positive mononuclear cells were monocytes which were characterized by a lobulated or kidney shaped nucleus, thick rim of heterochromatin, small amount of cytoplasm, some rough endoplasmic reticulum, some mitochondria, many vesicles, few ruffles, and absence of phagolysosomes ( Figure 4 ). I2 positive lamina propria lymphocytes (LPL) were unusual. More details about these mononuclear cells is given later. Five I2-positive fibroblasts (32 fibroblasts observed) were detected in 3/5 colonic specimens. No I2-positive fibroblasts (21 fibroblasts observed) were detected in the five small intestinal specimens (Table 1). There was one I2-positive Schwann cell in 21 cells detected in 1/5 colonic specimens (Table 1) . I2-positive capillary endothelia were easily detected in all small intestinal and colonic specimens ( Figure  5 , Table 1 ). Lymphatic endothelium was detected in one small intestinal specimen only, and it was I2 positive. I2 Antigen Localization: IBD Observations. Only the epithelial layer was examined in one of five ulcerative colitis specimens because the lamina propria was damaged by the endoscopic procedure. All Crohn's ileitis specimens (5/5) andall ulcerative colitis specimens (5/5) showed presence of I2-positive epithelial cells ( Figure 6A , B, Table 1 ). Even so, I2 staining was patchy in distribution and varied in intensity among the specimens. Furthermore, lateral and basal surface I2 antigen expression by enterocytes was more frequent than microvillus 12 expression (Figure 7) . One of four IEL in five Crohn's ileitis specimens was I2 positive, and all three IEL detected in the 5 ulcerative colitis specimens were I2 negative (Table 1 ).
In the lamina propria, I2 stained mononuclear cells were predominantly macrophages and were less often monocytes and lymphocytes (Figure 8 ). I2-positive fibroblasts were rarely detected (1/25) in ulcerative colitis and were not detected (0/20) in the Crohn's ileitis specimens (Table 1) . I2-positive Schwann cells were sometimes detected in Crohn's ileitis (6/12 cells) and in ulcerative colitis (4/4 cells) ( Figure 9 ) (Table 1) . I2-positive capillary endothelia were easily detected in 4/5 Crohn's ileitis and 4/4 ulcerative colitis specimens (Table 1) . The cell surface is strongly stained (the circumferential dark line). The cell has the characteristic appearances of a macrophage; an oval nucleus and little heterochromatin, abundant cytoplasm, numerous mitochondria and vesicles, presence of lysosomes and ruffles, and phagolysosomes. Note surface staining of portion of macrophage in right upper field, unstained plasma ceil in left upper field, and eosinophil with intense endogenous peroxidase reaction in granules. There is minimal I2 staining of capillary endothelium in right lower field, x7200.
Quantitative Counts of I2-Positive Mononuclear
Cells in Lamina Propria. In control specimens, 27 of 32 macrophages detected in four small intestinal specimens were I2 positive and 23 of 30 macrophages in four colonic specimens expressed I2 (Table 2) . Twenty-five of 44 macrophages detected in four Crohn's ileitis specimens and 43 of 60 macrophages in four ulcerative colitis specimens expressed 12. There was no significant difference in the mean value of macrophage or monocyte expression of I2 between control and IBD. So-called veiled mononuclear cells (dendritic cells), which have irregularly shaped nuclei lined with a rim of chromatin, few ribosomes, few lysosomes, prominent cytoplasmic protrusions, and no endocytic vacuoles (23, 24) , were not observed in either control or IBD specimens. Birbeck granules (unique structures observed ultrastructurally in Langerhan's cells) (25, 26) were not detected. Furthermore, no histological differences in macrophages and monocytes were detected when control and IBD specimens were compared respectively. There were no apparent morphological differences in I2-positive macrophages and monocytes and I2-negative macrophages and monocytes.
Of 59 lymphocytes detected in four control small intestinal specimens, none stained for I2, and only one of 61 lymphocytes detected in four control colonic specimens was I2 positive. Eleven of 38 lymphocytes detected in four Crohn's ileitis specimens and 24 of 71 lymphocytes detected in four ulcerative colitis specimens were I2 positive. The number of 12-positive lymphocytes was significantly increased in IBD (P < 0.005 and P < 0.05). There was morphologically no apparent difference between I2-positive lymphocytes and I2-negative lymphocytes. An intimate clumping together of lymphocytes and macrophages-monocytes was sometimes detected: 13 (nine of which contained I2-positive macrophages) in four control small intestinal specimens, nine (seven I2-positive macrophages) in four control colonic specimens, five (three I2-positive macrophages) in four Crohn's ileitis specimens, and 13 (ten I2-positive macrophages) in four ulcerative colitis specimens. Of these 0, 0, 3, and 5, respectively, had associated I2-positive lymphocytes.
HIRATA ET AL
DISCUSSION
We have shown that I2 (HLA-DR) antigen expression is present on surface membranes of both immune and nonimmune cells of control intestine and colon and show that this expression is more prominent in IBD intestine and colon. Control small intestinal epithelium and IBD epithelium expressed I2 while control colonic epithelium did not. I2 expression was more frequent on the lateral and basal surface of enterocytes than on the microvillus surface. M cells were only seen in control ileum and two of the three cells observed expressed 12. Few 12-positive lamina propria lymphocytes (LPL) were found in control, while 12-positive LPL were significantly increased in IBD. Mononuclear cells expressing I2 in both control and IBD were largely monocytes and macrophages.
The antigen-presenting dendritic cell system in the skin and in the spleen has been extensively studied (24) (25) (26) . Dendritic cells are easily detected in those tissues. Cells resembling "veiled cells" in terms of moving pattern, strong Ia positivity, and poor acid phosphatase activity have been reported to be present in small numbers in control intestine and in idiopathic inflammatory bowel disease (27) . We failed to detect such cells in this study but observed equal proportions of 12-positive monocytes and macrophages in control intestine (60% of these cells expressed 12), control colon (64%),,-Crohn's ileitis (54%), and ulcerative colitis (67%). Whether intestinal "dendritic cells" represent a distinct cell type or are variants of monocyte-macrophages has not been determined.
The activated lymphocyte expresses HLA-DR antigen on its cell surface. In the present study, Crohn's ileitis and ulcerative colitis specimens had a significantly increased number of HLA-DR-positive lymphocytes while control small intestinal and control colonic specimens were virtually devoid of HLA-DR-positive lymphocytes. Our data are consistent with previous light microscopic studies in control intestine but inconsistent with previous light microscopic data showing that only a few lamina propria lymphocytes expressed HLA-DR antigen in 1BD specimens (2, 3). Our observations that LPL express I2 in IBD probably reflects increased certainty of cell identification and increased ease of detection of small amounts of I2 antigen when using electron microscopic immunoperoxidase techniques.
The lymphocytes identified in this study were not likely to be I2 positive B cells but were likely to be (28) . It is possible that a few of the cells identified as HLA-DR-positive lymphocytes were not T cells (the majority of lymphocytes in the lamina propria) but were of B-cell origin. We conclude that IBD tissues have significantly greater numbers of activated T cells in the lamina propria than do control tissues.
HLA-DR antigen expression by fibroblasts is documented (2, 29) . Our data show that HLA-DRpositive fibroblasts were rarely detected in control and in IBD specimens and that there seems to be no apparent difference in distribution of HLA-DRpositive fibroblasts between control and IBD specimens. We describe HLA-DR localization to Schwann cells in the gut mucosa for the first time. In a light microscopic study, central and peripheral nervous tissues in normal human were negative for class II antigens, although some fibrous tissue in the dura was positive (18) . HLA-DR-positive Schwann cells were much more frequently detected in IBD specimens than in control specimens. The immunologic role of HLA-DR expression in intestinal mucosal Schwann cells, if any, is unknown. Such expression may be important in the immune response of the central nervous system (30) .
Capillary endothelia clearly express HLA-DR antigen (2, 11, 17, 18) . We confirmed previous studies and observed that the expression of HLA-DR on the capillary endothelia was easily detected in both control and IBD specimens. No apparent difference in the distribution or intensity of staining of HLA-DR-positive capillary endothelia was detected between control and IBD specimens. In vitro studies show that capillary endothelia may function as antigen-presenting cells (31, 32) . Because DR expression by capillary endothelia was similar in both control and IBD, it is difficult to suggest that capillary DR expression in IBD is immunologically important, although this possibility cannot be excluded. We confirm our light microscopic observation that lymphatic endothelium expresses HLA-DR antigen (2) .
It has been documented that the normal small intestinal epithelium and colonic and intestinal IBD epithelium express HLA-DR antigen while normal colonic epithelium does not (2, 3, 11, 14, (17) (18) (19) 33) . We confirm and extend these previous light microscopic studies. The presence of DR expression not only o~'~ the apical surface but also on the basolateral surface of epithelial cells clearly shows that epithelial DR is available to cells that are just below the epithelium as well as within the epithelium. The mechanism by which the expression of HLA-DR antigen is induced in colonic epithelium in IBD and is enhanced in intestinal epithelium in Crohn's ileitis is not understood. HLA-DR antigen is induced in the small and large intestinal epithelium and in the epidermis during graft-versus-host disease in the rats (34, 35 sion of Ia antigen in rat gut epithelium (36) . Class II antigen expression can be induced on the keratinocytes of rat skin allografts (37), on human follicular thyroid cells cultured with lectins (38) , on colorectal cancer cells (18) , and on the intestinal epithelium of patients with infectious colitis (19) . In relation to these reports, the finding that parental inocula depleted of T cells failed to induce Ia expression in the gut epithelium of irradiated F1 recipients suggested that T cells may be required for Ia induction (36) . Mitogen-stimulated IEL have been shown to produce a ~/-interferon-like sub- We rarely detected HLA-DR-positive IEL in control and IBD specimens. It is difficult to detect HLA-DR-positive IEL at light microscopy because of the presence of strong epithelial staining, especially in IBD specimens. Our electron microscopic findings confirm previous light microscopic studies indicating that both control and IBD specimens contain few HLA-DR-positive IEL (2, 3, (11) (12) (13) . Further studies are necessary to determine whether HLA-DR expression is involved in the pathogenesis of IBD. It should also be noted that class II MHC antigens may have functions other than antigen presentation, functions including recruitment of T cells, macrophages, and dendritic cells, and may even provide a signal for homing of B cells to the gut mucosa (18) . Our data only provide further evidence of the presence of enhanced cell-mediated immune reactions in inflammatory bowel disease. 
